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Abstract 
 There is growing interest in the potential of exercise interventions in therapy for 
individuals with Alzheimer’s disease (AD). This paper replicates and extends upon some of the 
analysis of a randomized controlled pilot study that investigates the effect of a 26-week aerobic 
exercise program on memory, executive function, functional ability, and depression in 68 
participants who were likely to develop AD. The replication was focused specifically on the 
analysis performed on the Memory Composite outcome variable, reproducing an interaction 
model between two of the main variables, Treatment Arm (Stretching and Toning Exercise 
versus Aerobic Exercise) and Timepoint (Baseline, Week 13, Week 26). The replication yielded 
the same values as the original study with similarly insignificant p-values. Using RStudio, the 
present study tests three additional interaction models, the interaction between Sex and 
Treatment Arm, between Sex and Timepoint, and between Sex, Treatment Arm, and Timepoint. 
These tests yielded insignificant p-values, implying that, contrary to the previous literature on 
gender differences in AD and exercise interventions, gender may not be a differentiating factor 
in memory. The hypothesis was that the exercise type affects the interaction between time and 
memory loss in early AD patients. 
Key terms: Alzheimer's Disease, exercise intervention, time, memory, gender 
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Introduction  
Alzheimer’s disease (AD) is a serious condition that affects 5.8 million Americans. More 
specifically, 1 in 10 people aged 65 years or over in the United States has been diagnosed with 
this neurodegenerative disease, with 81% of the population with Alzheimer’s being 75 years or 
older and almost two-thirds being women (Alzheimer’s Association, 2019).  We hypothesised 
that the type of exercise (stretching and toning versus aerobic exercise) influences the normal, 
expected interaction between time and memory loss in individuals likely to develop AD. and that 
there would be a significant difference (p <  0.05) between genders for Memory Composite score 
across across both types of exercise, and at different timepoints.  
Symptoms of AD 
 Some major symptoms of Alzheimer’s that can lead to dementia further down the road 
are memory loss and confusion, along with physical brain changes that can serve as markers for 
progression, including loss of hippocampal volume and gray matter volume. One of the earliest 
psychological signs of AD is short-term memory loss of recently learned information. Deficits in 
problem solving ability, confusion with time and place, behavioral changes, language 
difficulties, disorientation, and poor judgment are all signs of the early stages of AD (“10 Early 
Signs and Symptoms of Alzheimer's”). In addition, symptoms of depression and drastic changes 
in mood and personality are detected in patients with AD. In the later stages of AD, there is a 
greater risk of catching infections such as pneumonia, a complete loss of the ability to 
communicate, and overall, a need for 24-hour assistance for simple, daily tasks (“6 Health 
Ailments That Accompany Alzheimer’s”).  
Treatments for AD 
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There is no current cure for the disease; there exist only treatments for some of the 
symptoms, such as cognition-enhancing medications that target the secondary symptoms of 
depression and hallucinations.  
An alternative that many individuals with AD have turned to is physical exercise, which 
may slow down some of the psychological symptoms of AD. Since there is a correlation between 
enhanced cognitive performance and strenuous exercise in athletes, further research has been 
conducted on the possible benefits of physical activity for those with cognitive decline, 
specifically people with AD (Hogervorst et. al, 1996). 
Current Literature on Exercise and Cognitive Function 
Prior research has also been conducted with human participants that demonstrated an 
increase in cognitive performance after exercise. For instance, a study of healthy, non-AD 
individuals that tested the effect of high intensity exercise on psychomotor and cognitive ability,  
found an increase in the speed of performance on the simple reaction time (RT), finger-tapping, 
and Stroop tests (Hogervorst et. al, 1996).  
As for studies conducted on older populations, who are more at risk for developing AD, 
there has also been some promise. With regard to age-related cognitive impairment and 
neurodegenerative disease, a study of hospitalized older medical patients found that those who 
received an exercise intervention training program demonstrated improved dual-task, verbal and 
arithmetic gait velocity test scores compared to those that received a standard hospital care 
control treatment (Saez de Asteasu et al., 2019). This indicates an improvement in cognitive 
function of older individuals who underwent exercise, leading to the question of whether such 
exercise could also improve cognitive function in those with AD. 
Potential Effect of Exercise Intervention Modification on Cognition 
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As there is no consensus on the best strategy for exercise intervention, researchers at the 
Jilin Provincial Key Laboratory on Molecular and Chemical Genetics used cognitive exercise 
sessions, such as word games and puzzles, in conjunction with physical exercises, to assess their 
impact on overall cognition (Cui, Meng & Lin, et al., 2018). It was found that there were positive 
neuropsychological effects and improved executive functions for participants when both physical 
and cognitive exercise was performed, but it was also noted that simultaneously undergoing both 
had no significant difference to the outcome measures than performing both individually and 
separately. Overall, this study suggested that the amount and intensity of exercise are far more 
important than the type of exercise being done.  
Gender as an Likely Moderator in AD, Exercise, and Cognition 
Women are disproportionately affected by AD in comparison to men (“Women and 
Alzheimer’s”). In fact, according to the Alzheimer’s Associations, ⅔ of Americans living with 
AD are women. Therefore, the gender differences in the progression of AD, as well as the 
differences in response to interventions, are an important area of study in AD. There are also 
notable differences between healthy men and women with regards to their change in cognitive 
function after undergoing an exercise intervention, as well as differences in general cognitive 
decline during normal aging. The following is a review of some of the literature investigating the 
role of gender on the variables in question.  
Gender Differences in Cognition in Response to Exercise Interventions 
In a study conducted with 52 non-AD participants, the results showed that both male and 
female participants were relatively similar in IQ in the control and exercise group (Coleman, 
2018). The participants completed an IQ assessment, along with activities such as walking and 
jump rope, as well as tests on selective attention and memory. In terms of accuracy in the 
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selective attention task, females demonstrated a higher rate of attention than males did. Males 
responded faster than females during the encoding phase for the memory task, but females who 
responded slower had a higher recognition and object location memory test score. Overall, this 
particular study illustrates that men and women respond differently to exercise. 
Gender Differences in Cognitive Impairment Symptoms in AD  
There may be some biological basis for the observed gender differences in AD. One 
study examined the effect of sex on cognitive progression in subjects with high likelihood of 
mild cognitive impairment (MCI) due to AD. The changes in cognitive progression were 
followed in the study for up to 10 years through data from the Alzheimer's Disease 
Neuroimaging Initiative (ADNI)  (Sohn, D. et al, 2018). Measurements of cerebrospinal fluid, 
total-tau, and amyloid-beta (Aβ42) ratio values were used to classify AD patients with high or 
low likelihood of MCI due to AD. It was found that the mean worsening from baseline was 
greater in female subjects than in males. The study also found that an important allele linked to 
Alzheimer’s, APOE ε4, has an effect on both the slope and curvature of AD cognitive 
assessment (ADAS-Cog11) decline. Heterozygotes and homozygotes in this allele declined in 
cognitive progression faster than non-carriers, and MCI female carriers of the APOE ε4 allele 
declined in cognitive progression faster than male carriers.  
Gender Differences in Cognitive Decline during Natural Aging 
A relevant study in this domain researched cognition and emotion in healthy men and 
women as they aged. The researchers tested 124 men and 117 premenopausal women and 
observed sex differences in verbal memory, spatial tasks, and motor tasks. The results showed no 
significant correlations between age and any of the behavioral measures in women (Gur & Gur, 
2002). However, for men, increased age was associated with decrease in attention performance. 
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Other neuroanatomic studies done with MRI revealed three main gender differences. First, men 
are more affected by the progressive decrease in brain volume over time compared to women; 
second, women show less age related decline in cognitive function than men; third, age related 
cognitive decline begins earlier in men than in women (Gur & Gur, 2002).  
The Present Study 
The study discussed in this paper assesses different modes of exercise (stretching and 
toning versus aerobic exercise) and monitors whether they had a varying impact in early AD 
memory performance. For the first part of the present study, a replication of the Memory 
Composite analysis was conducted. This variable was of particular interest because memory 
decline that is greater than natural decline associated with aging is one of the distinguishing 
symptoms in AD. Memory is also affected by different kinds of exercise, as mentioned earlier, so 
the effect on memory as a result of the interaction between different exercise interventions over 
time is an important factor in the present study. Therefore, the extent of the effect of exercise 
intervention must be measured by taking the effect of time into account as well. The overall 
hypothesis tested in the replication analysis is whether the type of exercise (stretching and toning 
versus aerobic exercise) influences the normal, expected interaction between time and memory 
loss in individuals likely to develop AD. 
The second part of the present study extended on the Memory Composite finding while 
adding an additional interaction variable -- sex. As discussed earlier, gender is also an important 
moderator in the interaction between several components of the replication study. There are 
gender differences in exercise intervention, cognitive responses, cognitive decline during aging, 
and symptoms of AD. Thus, the present study investigates the role of gender in the interaction 
between the type of exercise intervention and Memory Composite score over time. There is no 
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clear consensus in the literature on whether a certain type of exercise plays a larger role in the 
different genders, but there have been significant findings on gender differences in cognitive 
decline over time. Consequently, the present study focuses on the interaction between gender and 
time in the Memory Composite score across both Treatment Arms. Additionally, a separate 
interaction model between gender and Treatment Arm across time is also included for the 
purpose of further investigation, as well as a three-way interaction model between all three 
aforementioned variables -- Sex, Timepoint, and Treatment Arm.  
The present study hypothesizes that there would be a significant difference (p <  0.05) for 
all three interaction models, indicating that there is an interaction at play between the variables 
tested.  
Methods 
Participants 
 Participants (N = 68) in the original randomized pilot study were recruited by the 
researchers through a convenience sample of volunteers who passed telephone and in-person 
inclusion criteria and screening for probable AD based on standard clinical and cognitive tests. 
All participants were over 55 (M = 72.9, SD = 7.7) and in the early stages of AD. Inclusion 
criteria included mild cognitive impairment (MCI) based on standard clinical and cognitive test 
results and Clinical Dementia Rating. There were also several exclusion criteria, such as 
clinically-evident stroke, cancer in the last 5 years, and drug or alcohol abuse in the last 2 years.  
Procedure  
 To ensure that the treatment groups were separated by similar characteristics, the groups 
were block randomized and stratified by age and sex by the researchers in the original study. 
There were 76 participants, with 68 participants completing the cognitive test battery study. The 
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aerobic exercise, or AEx group, consisting of 34 participants completing the study, started with 
one hour of exercise and the amount of exercise time increased by 21 minutes each additional 
week until the goal of exercising for 2 ½ hours per week was fulfilled. These exercise sessions 
were carefully monitored and the participants did not engage in any other exercise aside from the 
time allotted in the study. The non-aerobic exercise group, or the ST (stretching and toning) 
group, which also consisted of 34 participants completing the study, did non-aerobic exercise 
such as stretching and toning and kept their heart rate under 100 bpm. Like the AEx group, the 
ST group was supervised by trainers for every session at the beginning of the study and then 
supervised for one session weekly. Each participant, trainer, and study coordinator met to review 
the intervention before the study began to ensure that each exercise session was monitored 
adequately, as mentioned in the original paper.  
Outcome Measures  
 The outcome measures that the original study investigated were the memory composite 
score as the main outcome measure, as well as an assessment of functional ability and depressive 
symptoms as secondary outcome measures. All scores were taken at three timepoints - baseline, 
week 13, and week 26. The replication and extension portion of the present study focuses 
entirely on the memory composite score, which was calculated by standardizing the raw scores 
for the Logical Memory for both immediate and delayed recall, and Free and Cued Selective 
Reminding Test, which is also the sum of free recall. The Logical Memory test, a part of 
Wechsler memory scales, is commonly used to test individuals who have memory deficits or are 
diagnosed with disorders, including AD and dementia. Here, it was used in order to test the 
participants’ performance on memory retention (Wechsler Memory Scale). The test is composed 
of two parts: in one part, participants are asked to recall a story immediately, whereas in the 
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other part, there is a 20 minute delay before recalling a story (Gavett et al., 2016). In the original 
study, these values were compared to the mean and standard deviation of another study 
performed on healthy patients and standardized using these “normal” means and standard 
deviations. (Feldman et al., 2001) The memory composite was then calculated by taking the 
mean of these standardized values for logical memory, delayed memory and free recall for each 
individual.  
Data Analysis  
For all interaction model analysis, the lmerTest and lmTest packages were used in R. The 
emmeans package was used for the secondary analyses on the Memory Composite averages 
across time.  
Replication Data Analysis  
All analysis was conducted using R Studio. Analysis of the primary outcome measures 
was carried out by taking an average of the Logical Memory, Delayed Memory, and Free Recall 
standardized scores for each individual to find the Memory Composite score. The Memory 
Composite scores were then subset into two groups, Aerobic Exercise and Stretching and 
Toning. These groups were then subset further by Timepoint into three subgroups-- Baseline, 
Week 13, and Week 26. For each of the timepoints, the Memory Composite mean and standard 
deviations within each group was calculated (Figure 1, 2). 
After calculating the Memory Composite Scores, multilevel modeling and a chi-square 
test were used to assess model fit for the interaction model. To execute this final component of 
the replication analysis, a main effects model was created between the Timepoint and Treatment 
Arm. A separate interaction model between Timepoint and Treatment Arm was also created to 
test the influence of time on performance in each of the two groups, controlling for Education 
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and Baseline performance (using random intercepts). Finally, the main effects and interaction 
model were compared using a chi-square test to see if there was a significant difference between 
the two groups (Figure 3). 
Extension Data Analysis  
To extend the analysis using the data from the original study, the interaction between Sex 
and Treatment Arm, as well as Sex and Timepoint, was also tested. Thus, similar to the 
replication, a main effects model was created between Sex and one of the other two variables 
(Treatment Arm or Timepoint) and compared using chi-square analysis to an interaction model 
between the two variables in question, controlling for Education and Baseline performance 
(using random intercepts) (Figure 4, 8). The same method was employed to test the interaction 
between all three variables-- Sex, Treatment Arm, and Timepoint (Figure 10, 11). 
Additional analysis was also conducted on the Sex by Timepoint interaction (Figure 4, 5). 
Sex by Timepoint is the main interaction model assessed in this study, since, as explained earlier, 
gender differences in cognitive decline seem to emerge more as a product of time, rather than 
exercise type. Thus, this data was visualized further by graphing the differences in averages of 
Memory Composite between the sexes across time (Figure 6). 
Lastly, the Memory Composite Means in each arms for the two sexes were also graphed 
in order to visualize the interaction between Sex and Treatment Arm (Figure 9). 
Results 
 The replication of the standard deviations and means for each Timepoint in both 
Treatment Arms yielded the same values as the original study (Figure 1, 2). There were no 
notable trends in this data.  
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In the replication of the chi-square analysis of the Timepoint by Treatment Arm 
interaction (Figure 3), similar values were found given the raw data used in the original study. 
The slight difference in chi square value (0.82 in the original study versus 0.87 in the present 
study) and p- value (0.66 and 0.65, respectively), were due to the different R packages (lme4 in 
the original study versus lmerTest and lmTest in the present study) used, but they both yield a 
similarly insignifiant p-value.  
In the extension, the p-values found for the Sex by Timepoint Interaction (Figure 4) and 
Sex by Arm Interaction (Figure 8) were also insignificant (>0.05), indicating that gender may not 
play a role in the effect of time or exercise intervention on memory. The p-values at each point in 
the interaction model were found; these values were all insignificant, with the exception of the 
males at week 26, which had a p-value trending toward significance (p = 0.082) (Figure 5). 
To visualize overall change of Memory Composite score through time, a graph of the 
means of the memory composite across treatment arms at each timepoint for both men and 
women was generated (Figure 6). In this graph, there is an evident increase in Memory 
Composite over time for men (-2.66 to -2.46), and a decrease for women (-2.57 to -2.64). 
To look into this finding further, an analysis of the contrasts at each time interval was  
conducted (Figure 7), specifically to see if there are any significant differences between the 
means of the memory composites across different time intervals (Baseline to Week 13, Baseline 
to Week 26, and Week 13 to Week 26) in the two sexes. This analysis revealed insignificant  p-
values all greater than 0.05. However, one notable finding was the male p-value at the baseline to 
week 26 interval, which was trending toward significance (p = 0.0837). 
As for the interaction between Sex and Treatment Arm, a graph of the Memory 
Composite Means in each Treatment Arm (Figure 9) reveals that there is a visible decrease in 
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Memory Composite Means (less negative) in males in the Aerobic Exercise group when 
compared to the Stretching and Toning male group, whereas female means did not vary as much 
between the two groups.   
A three-way interaction model was also created between all three variables in question: 
Sex, Timepoint, and Arm (Figure 10, 11). The analysis of this model yielded an insignificant p-
value (0.6954), indicating that there is no significant interaction between all three variables.  
Discussion  
In the replication of the original study, similar insignificant results for the chi-squared 
analysis of the Timepoint by Treatment Arm interaction were found, providing insufficient 
evidence to indicate that the type of exercise (Aerobic Exercise versus Stretching and Toning) 
influences the natural progression of memory loss in AD patients over time. Thus, our study 
cannot support our original hypothesis. 
In the analyses extending on the original study, the p-values found for the Sex by 
Timepoint interaction and Sex by Treatment Arm interaction (Figure 4,8) were insignificant (> 
0.05) possibly due to the small sample size (N = 68). However, the results show that the p-value 
for males at the baseline to week 26 interval is trending toward significant (p = 0.082), and 
serves as the sole data point supporting a Sex by Timepoint interaction and Sex by Treament 
Arm interaction (Figure 7). Also, the graph of the average Memory Composites over time 
(Figure 6) indicates that males experienced an increase in the Memory Composite scores over 
time whereas females experienced a decrease. Since this finding is from a small sample size, 
perhaps this data could be verified with larger groups. Although the analysis of the significance 
of Memory Composite change in different time intervals within the 26 weeks revealed p-values 
greater than 0.05 (Figure 7), indicating the statistically insignificant change in Memory 
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Composite over time, the figure shows a notable finding that the male p-value at the baseline to 
week 26 interval was trending toward significant (p = 0.0837). Overall, the extension analyses 
conducted in the present study yielded insignificant p-values, so our hypothesis that there is any 
interaction between Sex, Timepoint, and Treatment Arm cannot be supported, nor can the claims 
made in past literature about gender differences in these domains.  
 Related literature described earlier had suggested that there exists a difference between 
gender in relation to cognitive function, even though the present study found no such  
differences. However, in said studies, attention, verbal memory, spatial abilities, verbal memory, 
spatial tasks, and motor tasks were the primary outcome measures, whereas, in the present study, 
the memory composite score (an average of logical memory, delayed memory and free recall) 
was the outcome measure of interest. This difference in outcome measure is a possible 
explanation for the difference in conclusions between this study and those conducted elsewhere. 
In addition to this, something to note is that while the p-values may have not been significant, the 
values for males at week 26 in comparison to baseline was trending towards significance, which 
suggests that there is a possibility of relation (Figure 7). While the data currently contrasts that of 
the literature review, there is a possibility for similar outcomes if the extension was furthered in 
size or scope.  
This study had limitations in its sample size, which reduces the statistical power of the 
extension interactions models. Thus, the results should be considered preliminary and further 
study is necessary to elucidate the true effect of gender in AD exercise intervention. Although 
through the extension, it was found that gender may not affect whether time or exercise 
intervention plays a role in memory, a relatively small sample size of N=68 was used, which 
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could decrease the reliability of the findings. With a larger sample size, the true result may be 
more clear and the p-value may reach significance.  
The replication of the pilot study was extended by investigating the effect of gender on 
exercise intervention over time. Although this extension did not lead to significant results, it 
provided a different perspective on looking at how other variables could affect the success of 
exercise intervention on subjects with AD in increasing memory composite. Thus, further areas 
for study could include exploring the potential influences of variables such as race, education 
level, and socio-economic background.  
 If tested on a larger population with more diverse demographics, the results could have 
several practical implications in the field of geriatrics, possibly helping better understand why 
AD is more prevelant among women, and perhaps how exercise treatment could be tailored to fit 
the specific sex and other demographics of the patient populaton.  
Conclusion 
The original study investigated the role of exercise interventions in ameliorating some of 
the symptoms of AD, among which Memory Composite was chosen as the primary focus of this 
paper. The present study replicated these findings on Memory Composite, indicating a lack of 
support for any significant role that exercise type plays in improving the generally worsening 
memory characteristic of AD over time. Because previous research has shown gender differences 
in prevalence and symptoms of AD, cognitive decline during aging, and response in cognitive 
tasks after exercise interventions, this study then extended this analysis to include a novel 
variable-- sex. To test the hypothesis that individuals with AD will present with gender 
differences in Memory Composite score after exercise interventions, three additional interaction 
models were assessed. The subsequent analyses disproved the original hypothesis, leading to the 
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conclusion that gender may not play a significant role. However, further research must be 
conducted on a larger scale with more demographics taken into consideration. This would inform 
the ultimate goal of personalized exercise interventions for AD in the future, as the data shows 
what can be the most effective regimen to help alleviate cognitive decline. These findings, along 
with subsequent research, work towards the goal of finding constructive methods of intervention 
for those with AD.  
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